[1] The location, characteristics and evolution of a largescale inertia-gravity wave that occurred in the lower stratosphere over the North of the British Isles on February 6, 1997, are studied. Numerous high-resolution radiosondes were available at that time and in that region as part of the FASTEX database. They reveal an intense, largescale inertia-gravity wave (IGW), propagating upwards above the tropopause. Maps of the divergence of the horizontal wind, on isentropic surfaces, were obtained from the ECMWF analyses, and showed a clear pattern of alternating bands of convergence and divergence, at the lower stratospheric heights, in the same geographical region and starting at the same time. The comparison of the characteristics of this IGW in the analyses and in the observations suggests that the ECMWF analyses can be used for qualitative indications regarding the locations most favorable to large-scale IGW generation and the corresponding orientation of the waves. 
Introduction
[2] Analyses of operational centers such as the European Center for Medium-Range Weather Forecasts (ECMWF) are commonly used in observational studies to describe the synoptic-scale situation within which smaller-scale phenomena are investigated from measurements. For instance, recent studies used these analyses, along with observations, to identify regions where generation of IGW through geostrophic adjustment was likely [Hertzog et al., 2001 ], or to support results obtained from soundings for the location and orientation of IGW [Moldovan et al., 2002; Plougonven et al., 2003] . The agreement between the observations and the analyses was encouraging, and it is legitimate to ask how reliable is the information on IGWs obtained from the ECMWF analyses (location and time of appearance of the waves, their orientation, extent, wavelengths, and evolution).
[3] The resolution of the general circulation models (GCM) has become such that their dynamical cores are now intrinsically able to simulate realistic large-scale IGWs. In fact, in the last decade, GCMs have been increasingly used to study IGWs, e.g. for the detailed investigation of their generation by the midlatitude tropospheric jet [O'Sullivan and Dunkerton, 1995] , or for global statistics of the IGW field [Sato et al., 1999] . Such studies support that GCMs are able to describe these kinds of waves.
[4] The aim of this paper is to compare the location, characteristics and evolution of a large-scale IGW from the ECMWF analyses with observations. We have chosen to focus on a wave which extended over a broad region centered on Scotland, on February 5 and 6, 1997, because the wave pattern is clear in the ECMWF analysis and the available soundings are numerous. Section 2 describes the synoptic situation, the generation and the evolution of the IGW in the analyses. Section 3 presents the characteristics and evolution of the IGW that can be obtained from the soundings. The comparison of the ECMWF analyses with the observations is given in Section 4. Possible uses of ECMWF analyses in studies on IGWs are discussed in Section 5.
The ECMWF Analyses
[5] The synoptic situation from February 5, 12GMT, to February 6, 18GMT, at upper-tropospheric levels, consists of a ridge in the geopotential moving eastwards over the British Isles (see Figure 1) , with a jet maximum upstream of the ridge. Uccelini and Koch [1987] have put forward this configuration as particularly favorable to the generation of large-scale IGWs in the anticyclonic side of the exit region of the velocity maximum.
[6] In maps of divergence of the horizontal wind for the lower stratosphere (typically 10-15 km), distinct patterns of alternating bands of convergence and divergence are often seen. They are interpreted as the signature of an IGW. In the present case we display such maps for times corresponding to the generation of the wave in Figure 2 . The wave appears on February 5, between 12.00GMT and 18.00GMT (Figures 2a and 2b ). The wave pattern is then intense and very distinct until February 7, 00.00GMT. During that time interval, it progressively moves eastward and northward over to Scandinavia.
[7] From these maps we deduce that the wave-vectors are essentially zonal (Figures 2b and 2c ) and that the horizontal wavelength lies between 400 and 600 km. The examination of these maps at different levels show that the vertical wavelength lies between 6 and 10 km, and that the phase surfaces tilt westward with height. Comparing maps that are 6 hours apart, it appears that the wave is stationary relative to the ground.
[8] For a more detailed analysis of the wave structure, the wind and potential temperature were split into a background and a perturbation. The perturbation was obtained by subtracting fields that had been smoothed horizontally from the initial fields. For a linear inertia-gravity wave with a horizontal wavevector oriented zonally (k > 0, l = 0), the wave variables can be expressed as [cf. Holton, 1992, Section 7.5]:
.
[9] Assuming for simplicityp = 1, the following polarization relations are obtained from the linearized equations:
where q is the background stratification. The phase relationship between u 0 and v 0 (Figures 2e and 2f ) implies that w < 0, which is consistent with the westward propagation relative to the mean flow. From Figures 2d and 2f, we deduce that m > 0, which is consistent with upward propagation of the wave energy and the westward tilt of the phase surfaces. Finally, from the polarization relations, we expect the divergence and q 0 to be in opposition, and this is verified (Figures 2c and 2d) .
[10] Hodographs made from horizontal profiles of u 0 and v 0 , along a parallel and at a given height, show ellipses oriented essentially in the zonal direction, with aspect ratios of 0.5 -0.7, suggesting that the wave has an intrinsic frequency of 1.4-2f. This is consistent with the horizontal and vertical wavelengths and with the dispersion relation.
[11] We have used, to describe the synoptic situation and some wave characteristics, analyses from the ECMWF. It is unclear a priori whether the wave is produced by the model's dynamics or by the assimilation procedure. In order to answer this question, maps of divergence as those displayed in Figure 2 were obtained from 6 hour and 12 hour forecasts; they are hardly distinguishable from the ones obtained using the analyses. Even for 24h and 36h forecasts, the wave is present and very similar (N. Wedi, personal communication). Now, as the wave is not present in the analysis from which the model starts in order to produce these forecasts, this strongly suggests that the wave is produced by the model's dynamics, and not by the assimilation procedure.
Generation and Evolution of the Wave
According to the Radiosondes and intense IGW activity was found in 6 stations and their locations are indicated by letters in Figure 1 : Hillsborough (Hi), Lerwick (L), Stornoway (S), Boulmer (B), and Hemsby (He) from the United Kingdom, and Thorshavn (T) from the Faroe Islands (Denmark). There were up to eight soundings per day for those stations; in a great number of these soundings, starting from February 5, 12GMT, to February 6, around 18GMT, intense IGW activity was distinctly observed in the lower stratosphere (wind disturbances typically 6 -8 ms
À1
). In soundings from stations more to the South -West (Wales, Cornwall, South -West Ireland) or from Iceland, comparable clear and intense IGW activity was not observed. This sets bounds to the horizontal extent of the wave.
[13] In order to estimate the wave's characteristics, the wind profiles were separated into a background and a perturbation using a non-recursive filter described in Scavuzzo et al. [1998] , with a window intended to eliminate large and small scale perturbations. The vertical wavelength was obtained form the vertical profiles of the latter, and the intrinsic frequency from the aspect ratio of the corresponding hodograph (e.g. Figure 3 ).
[14] The hodographs suggest that an intense IGW is generated at the level of the jet over the North of Ireland, starting from February 5 at 12GMT. A wave propagating downward in the troposphere (cyclonic rotation in the hodograph) and a wave propagating upward in the stratosphere (anticyclonic rotation) can be seen in the soundings of Hillsborough (Figure 3a) and Stornoway (not shown). This wave is then found in soundings more to the East and North. In the morning of February 6, it has its greatest horizontal extent from Thorshavn (generation at the level of the jet is here again evident, see Figure 3d ) to Hemsby. After February 6, 12GMT, the wave is found in fewer soundings.
[15] The characteristics of the IGW observed in 18 soundings are listed in Table 1 . They generally correspond to a wave of 2 -3 km vertical wavelength, present in the lower stratosphere (10 -15 km) until around 12GMT on February 6, higher above afterwards (12 -20 km) consistent with a vertical propagation. The orientation of the wavevectors, as deduced from the hodographs, ranges from a Northwest -Southeast orientation (Figures 3a and 3c ) to a Southwest-Northeast orientation at late times. The aspect ratios are typically between 0.3 and 0.6, but for a few soundings, they may be higher, suggesting a lower frequency. The horizontal wavelengths estimated using the linear dispersion relationship range typically from 100 km to 400 km.
[16] In the soundings launched from Lerwick, Stornoway and Hillsborough in the morning of February 6th, the vertical displacement of the phase over three hours was found to be of 200-400m upward. This suggests that, for a wavevector pointing eastwards, the intrinsic frequency of the wave is negative (westward propagation). This is also indicated by the phase relationships between the perturbations of the wind and of potential temperature.
[17] The characteristics of the waves are not uniform, but they are comparable in a considerable number of soundings, especially in the earliest ones. As time advances, the variability of the wave characteristics increases; our interpretation is that the wave is generated on a large-scale, but that its subsequent evolution in different regions of the flow may vary considerably.
Comparison of the Analyses With the Observations
[18] In this example, observations confirm the existence of an intense IGW at the location and time indicated by the ECMWF analyses: generation in the afternoon of February 5 North of Ireland, propagation to the East and North, maximum extension on February 6, between 00GMT and 12GMT. The orientation (wavevector essentially zonal and against the flow) and even the amplitude of the waves are also comparable.
[19] However the agreement between the observations and the analyses does not extend to the wavelength and the evolution of the wave. The resolution of the ECMWF is too coarse, particularly in the vertical, and the wavelengths are overestimated by a factor 2 or 3 (the model is run with a resolution of about 50 km horizontally, 15 min. in time, and 60 levels in the vertical up to 1hPa; the analyses are retrieved with only 15 pressure levels in the vertical, up to 10hPa, and every 6 hours). The wave disappears from the soundings earlier than in the analyses, and the characteristics of the wave in the soundings varies much more, at late times, than what can be described by the ECMWF. The IGW and its evolution are evidently more complex in reality (e.g., encounter of critical levels, effect of differential advection) than what can be described by the ECMWF. their orientation. On the other hand, it should not be used for quantitative indications on their wavelengths or their evolution.
Discussion
[21] Comparisons of the analyses and forecasts show that the wave is likely produced by the model's dynamics, not by the assimilation procedure. Our interpretation is that the model's resolution allows it to describe the forcing by the large-scale flow of a region of imbalance (in the jet exit region, ageostrophic winds of more than 30 m/s are present, corresponding to Lagrangian Rossby numbers higher than 0.45, and cross-stream Lagrangian Rossby [Koch and Dorian, 1988] numbers higher than 0.3); this imbalance adjusts and excites inertia-gravity waves, but the resolution of the model is not fine enough for a quantitatively accurate description of these IGWs and of their evolution. Hence the time and location of the wave generation is right, but the waves' characteristics and evolution are not. Indeed, simulations made at various resolutions by O'Sullivan and Dunkerton [1995] suggested that, at low resolutions, the intensity and wavelength of the simulated IGWs were not reliable, but that the location of their generation and their orientation were consistent with higher resolution simulations.
[22] Hence, we suggest that maps of the divergence of the horizontal wind in the lower stratosphere can be used, for example, to provide guidance concerning which days and locations of a large dataset it is worthwhile to investigate in detail for studies of inertia-gravity wave generation by the jet. A better understanding of the mechanism responsible for the generation of the waves is however necessary to assess more generally how much ECMWF analyses can be relied upon for these purposes.
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